Background: Chocolate is a product with high nutritional value, of sensory characteristics accepted and preferred by the consumer, in addition to beneficial to health. Based on the benefits attributed to cocoa components, investigations have shown that chocolate consumption has been involved in the modulation of blood pressure protection, the lipid profile, the activation of platelets, and insulin sensitivity. Objective: Evaluate the effect of consuming a tablet of chocolate enriched with tryptophan present in the peanut and resveratrol contained in the peel flour and grape seed, on biochemical markers and oxidative stress in a healthy population. Methods: The study was conducted in 10 subjects aged between 20 and 40 years, who consumed daily for 21 days, a chocolate bar of 15 g enriched with tryptophan and resveratrol. Before starting the study and after 21 days, the participants were given weighty measures, waist, hip and blood pressure. As well as blood samples, where was analyzed: glycemia, creatinine, triglycerides, total cholesterol, HDL, LDL, VLDL, uric acid, insulin and markers of oxidative stress 8-isoprostane and catalase. The non-parametric statistical tests were applied Kruskal-Wallis for n=10, with a value of significance of 0.05. Results: A statistically significant decrease in insulin values and oxidative stress marker 8-isoprostane was stopped, whereas catalase values increased significantly. Conclusions: The consumption of chocolate enriched with tryptophan and resveratrol, does not alter the biochemical parameters of glycemia, creatinine, triglycerides, total cholesterol, HDL, LDL, VLDL and uric acid. But it significantly helps the decrease of insulin in blood and could have beneficial health effects related to the reduction of oxidative stress, after consuming 15 g of the chocolate during 21 days.
INTRODUCTION
Generally, the chocolate is considered a treat and is not associated as an important food for nutrition. Nowadays, it can be demonstrated that chocolate is a product of high nutritional value, of sensorial characteristics accepted and preferred by the consumer, as well as being beneficial for health (1, 2) .
Several studies have shown that cocoa and its derivatives are an exceptional source of energy and a product with a high mineral content (magnesium, copper, iron and potassium); it also contains a wide variety of active components such as flavonoids: catechins, epicatechin and proanthocyanidins (2) (3) (4) .
Based on health benefits, attributed to cocoa components, researchers have shown that chocolate consumption has been involved in the reduction of cardiovascular risk through the modulation of blood pressure and lipid profile, the activation of platelets, and insulin sensivity (5, 6) .
On the other hand, resveratrol that is defined as a polyphenol type phytoalexin (7) , is a potent antioxidant, produced by more than 70 plant species in response to stress situations (8) . Has been implicated with potential benefits for the metabolic syndrome, the use of energy and increased resistance (9) , likewise, it helps a wide range of biological activities, including neuroprotective, anticarcinogenic, anti-ischemic, anti-aging and anti-inflammatory properties (10) .
Resveratrol is abundant in the shell and grapes seeds such as viniferin (10) , found in nature in the form of cis and trans isomer, being the most common form in the skin of the grape trans-resveratrol (8) . Whereas shell and grape seeds are a waste of the wine industry, resveratrol can be obtained through the production of "grape flour", taking the bagasse of the red grape as the main raw material, followed by a drying and fine grinding process. Finally, this flour can be used in the formulation of different foods that you want to enrich with resveratrol.
Cocoa, in addition to antioxidant like flavonoids, contains 1.63% of tryptophan (11) which is an essential aminoacid, that is, it is obtained by means of food that contain it, since the organism does not synthesize it. This aminoacid is the precursor of serotonin that is commonly related to providing happiness and well-being within the nervous system; studies confirm that serotonin is involved with the regulation of sleep and pleasure, it has been corroborated that the presence of serotonin in the brain exerts various therapeutic actions within the body (12, 13) .
Among the foods rich in tryptophan can be pointed out the chickpeas (Cicer arietinum), soy beans (Glycine max) and peanuts (Arachis hypogaea), with a total aminoacid content of 1.6%, 1.40% and 1.03% respectively (14) .
Additional to the benefits provided by chocolate, from cocoa, this can be enhanced with the addition of other phytochemicals that provide more proven benefits for health, like tryptophan (12, 13) and resveratrol (10) . The objective of this research was to evaluate the effect of the consumption of a tablet of chocolate enriched with tryptophan from peanuts and resveratrol present in the shell meal and grape seeds on oxidative biochemical and stress markers in a healthy population.
MATERIALS AND METHODS

Composition of the chocolate tablet enriched with resveratrol and tryptophan
Cocoa butter and liquor were used in the formulation of the cocoa tablet. Grape flour (mixture of shell and grape seeds) with a granulometry between 80 and 120 mesh, with the purpose of enriching the chocolate tablet with resveratrol, since it has been reported that one gram of grape skin presents between 0.6 and 0.75 mg of this antioxidant (15) . Likewise, peanut paste was added, since it contains 1.03% tryptophan (14) .
Subjects and study design
The study was conducted in 10 subjects aged between 20 and 40 years, who consumed daily for 21 days, 15 g of a chocolate tablet made with peanut and peel flour and grape seed.
The exclusion criteria were: pregnant or breastfeeding women, people with significant clinical condition (kidney disease, hypertension, cardiovascular disease, diabetes, allerg y or sensitivity to product ingredients, abnormal clinical laboratories), the use of medications for the treatment of: hypertension, vasodilation, erectile dysfunction, weight loss, hypercholesterolemia, use of anticoagulants and use of dietary supplements with antioxidant activity in the body.
Ethical considerations: the participants were instructed before starting to consume the chocolate; also the informed consent of each of the persons was obtained, accepting the study and the taking of samples. In addition, the investigation was approved by the ethics committee of the military Hospital "Dr. Carlos Arvelo", for complying with International Principles of Good Clinical Practice and local regulations.
Measurements of weight, height, waist, hip and blood pressure
The measurements of weight, waist, hip and blood pressure, were taken before and after the study. Blood pressure was taken at rest and sitting. The weight was taken with a scale TANITA ® UM-080 calibrated with sensitivity of 0.1 kg and height by means of a stadiometer with sensitivity of 0,1 cm, reporting the average of two measurements. With the parameters of weight and height it was possible to calculate the body mass index (BMI) dividing the weight of a person in kilos between the square of its size in meters (kg/m 2 ).
Laboratory analysis
Blood samples were taken from the fasting participants through venous puncture in tubes of ethylenediaminetetraacetic acid (EDTA) before and after 21 days of consuming the chocolate. The serum and plasma were analyzed for: Glycemia, creatinine, triglycerides, total cholesterol, HDL. cholesterol, LDL. cholesterol, VLDL. cholesterol, uric acid and insulin. The laboratory analyzes were carried out through the procedures established by Biosystems ® and were carried out by the Fundae Fitlab Venezuela Diagnostic Center N.G C.A., except for the insulin analyzes that were performed under the guidelines of the Olimpo C.A Venezuela laboratory.
For the estimation of insulin sensitivity, by the HOMA model, equation 1 was used (16):
HOMA-R = Insulin (mU/ml) x basal glycaemia (mmol/l)/22.5
(Equation 1)
The effect of chocolate consumption at the plasma level was also evaluated through the oxidative stress marker 8-isoprostane (8-iso PGF2α), which was determined by the immunoenzymatic method (ELISA) of the commercial house Cayman Chemical, before and after consumption of the chocolate tablet for 21 days. And by means of the enzymatic oxidative stress marker, catalase, using the method described by Goth in 1991 (17) .
Statistical analysis
The statistical analysis was carried out with the Minitab 17 program, the results are shown by the average and standard deviation, in the same way he performed the non-parametric statistical test Kruskal-Wallis for n=10, with a significance value of 0.05. Table 1 shows the water activity value (aw) and the proximal composition of the chocolate tablets enriched with resveratrol and tryptophan, supplied to patients during the intervention study. a w : water activity; *CHOs: Total carbohydrates by difference. Each value is the average of n = 3 + SD.
RESULTS
In Table 1 it can be seen that the chocolate tablet enriched with resveratrol and tryptophan, has low water activity and low humidity. While the content of protein, fat and ash is high. Table 2 shows the results of the measurements of BMI, weight, waist, hip and blood pressure of the patients before and after the consumption of chocolate enriched with tryptophan and resveratrol. In the results obtained it can be observed that there is no statistically significant variation during chocolate consumption, for any of the parameters evaluated. Table 3 shows the results obtained for the laboratory analyzes, of the participants evaluated before and after the consumption of 15 g of chocolate enriched with tryptophan and resveratrol for 21 days. The results obtained do not indicate any level of representative statistical significance except for insulin, a parameter in which there was a decrease in the value after chocolate consumption. In the same way, a decrease in the HOMA factor is observed.
Measurements of Body Mass Index (BMI), weight, waist, hip and blood pressure
Blood chemistry
It should be noted that all volunteers were within the normal ranges for each of the biochemical parameters evaluated before and after chocolate consumption. Table 4 shows results obtained for the markers of oxidative stress 8-isoprostane and catalase, before and after the consumption of chocolate enriched with tryptophan and resveratrol. The results indicate that there is a statistically significant decrease between the 8-isoprostane values before and after the treatment, since level of significance lees than α (0.05) was obtained. In the same way, a statistically significant increase in catalase values is observed after consuming chocolate for 21 days.
Markers of oxidative stress
DISCUSSION
Composition of chocolate tablet enriched with resveratrol and tryptophan
The low moisture content (1.39%) observed in tablet 1 is close to that obtained for dark chocolate (70% cocoa liquor) Venezuelan (18) . Similarly, the low a w (0.33), indicates a stable storage life of this product, and places it in the classification of low moisture non-perishable foods.
The results observed in terms of the percentage of fat obtained (52.09%), are similar to the results obtained by the Soxhlet method, where 56.21% of fat was reported in chocolate (19) . It should be noted that cocoa is an important source of protein and fat; since it has been achieved that the protein content of fermented, dried and roasted cocoa beans is around 12%, while the fat content is approximately 45% (20) .
Measurements of Body Mass Index (BMI), weight, waist, hip and blood pressure
Chocolate contains a significant amount of fat, so it should be considered a highly energetic food, this fact can relate to an increase in body weight; however, it can be observed ( Table 2 ) that there were no significant variations in this parameter, since the average weight of the participants before starting the study was 59.8 kg, and once the study concluded the average of this parameter was 59.5 kg, these results coinciding with different clinical trials, (21-22) which have not reported an increase in body weight when chocolate is consumed in moderate quantities, on the contrary they have shown a reduction of weight at the expense of fat.
Regarding blood pressure, the results obtained (Table 2 ) in this study indicate that initially the participants presented, on average, the systolic blood pressure at 108.9 mmHg and the diastolic blood pressure at 71.9 mmHg, finding a slight variation once the investigation was completed, where the participants presented, on average, 112 mmHg for systolic blood pressure, and 71 mmHg for diastolic blood pressure. These results are not similar to those derived from other investigations, where it has been possible to reduce the systolic and diastolic pressure, after consuming chocolate in moderated amounts.
In one of the studies conducted, the researchers observed a decrease in blood pressure of 14 obese individuals, after they consumed 20 g of dark chocolate rich in polyphenols (23) . Another study reported a decrease in systolic and diastolic pressure, when 15 adult individuals with mild hypertension consumed 100 g of chocolate for 14 days, although these results were not maintained after two days without consuming chocolate (24) . A decrease in blood pressure of hypertensive people with low glucose tolerance has also been found, by providing 100 g of chocolate for 15 days (22) .
Biochemical markers
According to the criteria of the American Diabetes Association (ADA), the fasting glycemia values were within a normal range (<100 mg/dL) both before and after the study, and no statistically significant differences were observed in the values of glycemia, of the individuals studied, before and after chocolate consumption.
The values of insulin presented a statistically significant decrease before and after the study, finding these values initially at 7.06 ± 3.05 mg/dL and at 4.40 ± 1.71 mg/dL once the study was completed.
The results of HOMA in the normal population range from 0.93 to 2.51 and in diabetics from 2.91 to 12.87 (25) , so it can be considered that the population studied had normal values of HOMA, 1.30 ± 0.86 before the intervention and 0.86 ± 0.36 after consumption of chocolate, observing a slight decrease after consumption; higher values could be indicative of insulin resistance in daily practice in these patients.
Different investigators have observed that insulin resistance is reduced after a diet with flavonoid-rich chocolate for 15 days (22) (23) (24) (25) (26) . On the other hand, in hypertensive patients with glucose intolerance, flavonoid-rich dark chocolate improved endothelial function, and insulin sensitivity (22) (23) (24) (25) (26) .
A close relation has been established between obesity -particularly abdominal obesity -and insulin resistance and type 2 diabetes mellitus (27) . In these diseases dark chocolate consumption has been shown to reduce insulin resistance and, thus, attenuate fasting or postprandial glycemia (28) .
This study showed that dark chocolate rich in polyphenols decreases and improves insulin sensitivity in healthy people. These findings indicate that dark chocolate may exert a protective action on the vascular endothelium also improving insulin sensitivity (22) .
It is important to note that the variation of insulin or HOMA, could be attributed to the effect of polyphenols (Flavan-3-ol, procyanidins and resveratrol) present in chocolate. A study reported an independent inverse relationship between daily chocolate consumption and levels of insulin, HOMA and liver enzymes in adults, suggesting that chocolate consumption may improve liver enzymes and protect against insulin resistance, a well-established risk factor for cardiometabolic disorders (29) .
Results obtained in a research have shown that cocoa flavanols are able to modulate carbohydrate and lipid metabolism in liver cells, improving insulin sensitivity and glucose tolerance in a situation of insulin resistance and diabetes (30) .
In Table 3 , the values of the lipid profile measurements (total cholesterol, triglycerides, HDL-cholesterol, LDL-cholesterol and VLDL cholesterol) can also be observed, from the patients evaluated, before and after the start of the intervention study. No statistically significant differences were observed in these values, before and after chocolate consumption.
Despite not finding statistically significant differences in the lipid profile, a slight decrease in total cholesterol was noted, since from 115.50 ± 28.28 mg/dL it decrease to 106.70 ± 20.70mg/ dL after the consumption of chocolate enriched with tryptophan and resveratrol. This is because the cocoa butter, predominant in dark chocolate, is a vegetable fat without cholesterol that contains on average 33% of monounsaturated oleic acid and 33% of stearic acid (5) .
The HDL cholesterol did not present a statistically significant variation either, since before the investigation an approximate value of 40.00 ± 4.42 mg/dL was registered, and after the study time the average HDL cholesterol value was 39.00 ± 3.72 mg/dL. While LDL cholesterol decrease slightly, from 80.80 ± 11.88 mg/dL to 65.96 ± 24.01 during the investigation; however, this decrease was not significant. This is because, the stearic acid present in cocoa butter does not lower high density lipoprotein (HDL), not does it increase LDL or total cholesterol (5).
However, in contrast to the results obtained, several studies point to the beneficial effect of dark chocolate consumption on the lipid profile. A study conducted in hypertensive patients, where the daily consumption was 100 g of dark chocolate rich in flavonoids for more than 2 weeks, produced a significant reduction of 12% in serum levels of total cholesterol and LDL (22) . A study in Japan showed that in patients with hypercholesterolemia, consumption of flavanol-rich dark chocolate lowers plasma levels of LDL and oxidized LDL cholesterol, while increasing serum HDL concentrations (31) .
It is necessary to emphasize that grape flour not only has resveratrol, also incorporate different phytochemicals, in a wide proportion polyphenols, which can regulate lipids metabolism because one of the most studied beneficial properties of polyphenols is its ability to improve the lipid profile (32) , several studies corroborate that polyphenols are capable of attenuating onset and progression of atherosclerosis, due to their ability to attenuate the oxidation of LDL because they are capable to increase in concentration of HDL cholesterol in plasma, and also to inhibit the proliferation of vascular smooth muscle (33) (34) , this disease is mainly characterized by the progressive obstruction of the arteries as a consequence of the accumulation of lipids in arterial wall (35) , which could explain the decrease, although not significant, of lipid profile markers obtained in this study.
Regarding the values of triglycerides, no statistically significant difference was found between the values of this parameter before and after consumption of chocolate, since before starting the investigation the approximate value of triglycerides was 115.50 ± 28.28 mg/dL and after completing the intervention study, the mean value of triglycerides in the participants was 106.70 ± 20.70 m/dL. These results do not resemble other studies where there was an improvement in triglycerides levels, since clinical studies report that, epicatechin (polyphenol: flavonoid present in chocolate) significantly reduces the concentrations of triglycerides in the blood, both fasting as a postprandial (36) .
Several estudies reported a significant inverse association bet ween chocolate intake and cardiometabolic disorders (37) the same results were reflected when supplying 100 g of chocolate during 15 days to 19 hypertensive adults with low glucose tolerance (22) .
Similarly, an increase in serum HDL cholesterol was observed when 45 healthy, non-smoking volunteers received 75 g of dark chocolate for 45 weeks (38) . So, moderate consumption of dark chocolate or cocoa-rich products has been associated with better lipid profile: higher HDL together with lower LDL and total cholesterol.
However, other research has shown that, in the short term, chocolate lowers LDL by approximately 6 mg/dL without significantly altering "good" cholesterol (HDL) (39) ; adjusting these results with those obtained in the preset study, although there was no significant difference between the values of LDL before and after the consumption of chocolate, it could be observed that if there was a decrease in the same, it also occurs for the values of VLDL but not with ample margin.
One study states that caffeine and theobromine (substances present in chocolate) are a group of water-soluble components that prevent the oxidation of uric acid and have stimulating properties in the nervous system (40) . However, in this study no significant change was observed regarding the levels of uric acid before and after chocolate consumption. Since the participants initially presented a mean uric acid value of 4.13 ± 0.45 mg/dL and after the study this value remained at 4.09 ± 0.45 mg/dL, these values being within the normal range.
Oxidative stress markers
Numerous in vitro and in vivo studies show that cocoa and its flavonoids exert an antioxidant effect by directly neutralizing free radicals (41) (42) and activating antioxidant enzymes (43) . Thus, consumption of cocoa and dark chocolate increase plasma antioxidant capacity in animals and humans (44) (45) and vasodilation (41) .
The 8-isoprostane oxidative stress marker has also been evaluated, concluding that dark chocolate inhibits platelet function by reducing oxidative stress in smokers (46) .
Similarly, the antioxidant effect of dark chocolate components was confirmed after administering 20 g daily of this for 1 week to 12 metabolically healthy subjects, when determining the marker of oxidative stress 8-isoprostane, the study showed a statistically decrease significant (p ≤ 0.05), possibly due to the effect of polyphenols present in dark chocolate (5) .
On the other hand, hydrogen peroxide is an important reactive species of oxygen, is produced endogenously and historically has been perceived as deleterious promoting oxidative damage to cells. Well known for its role in the metabolization of hydrogen peroxide in water and oxygen, catalase can interact with cellular detoxification systems and prevents cell damage by eliminating hydrogen peroxide (47) . Table 4 shows the results obtained by measuring the marker of enzymatic oxidative stress, catalase, before and after the consumption of chocolate enriched with tryptophan and resveratrol. Getting a statistically significant increase, from 77.59 ± 22.72 kU/L to 112.94 ± 45.17 kU/L.
Catalase protects cells and tissues against oxidative damage and can also inf luence the mechanisms of signal transduction; studies suggest that acatalasemic individuals (that is, with very low catalase activity) have a higher risk for the development of diabetes, and corroborate that catalase-depleted mice develop and obese, pre-diabetic phenotype and provide convincing evidence of that catalase (or its products) is integral to metabolic regulation (48):
The results obtained in relation to oxidative stress markers correlate very well, while one decrease significantly (8-isoprotane), the other increase in the same way (catalase), this is because 8-isoprostane arises as a derivative compound of lipid peroxidation capable of indicating oxidative stress, a decrease that indicates a significant decrease in oxidative stress in blood, while catalase protects cells and tissues against oxidative damage, an increase that helps in maintaining the oxidant/ antioxidant balance in the body; all of the above related to the consumption of formulated chocolate.
CONCLUSION
The consumption of chocolate enriched with tryptophan and resveratrol does not alter the biochemical parameters of glycemia, creatinine, triglycerides, total cholesterol, HDL, LDL, VLDL and uric acid. But it helps significantly to the decrease of insulin in blood, after consuming 15 g of chocolate for 21 days, which makes it a functional food. As for the antioxidant activity, the formulated chocolate could have the beneficial health effects related to the reduction of oxidative stress, such as the prevention of diabetes, metabolic syndrome and insulin resistance.
In this study it was possible to corroborate that there is a statistically significant decrease between the values of 8-isoprostane, since before the treatment patients had values around 128.55 ± 55.88 pg/mL and after treatment the values were reduced to approximately 82.66 ± 43.30 pg/mL, suggesting these results a possible modulation of oxidative stress.
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